Complexes of Arginine, Histidine, Lysine & Isoleucine with Potassium Hexacyanoferrate(III) by Malik, Wahid U. & Bembi, Ramesh
NOTES
TABLE '1 - COLOUR,ANALYTICALAND PHYSICALDATA OF THE COMPLEXES
Compound Colour Analyses (%), Found (Calc.)
------------------
Re N CI
H2[(2-Hydroxyquinoline)2H.eCI.] Yellow 26·61 4·02 30'77
(26·87) (4·04) (30·74)
Re(OH)CI(2-Lh Dark 34·88 5·24 6'78
snuff (35·26) (5·30) (6·72)
H2[(8-Hydroxyq uiriolincj, H.eC161 Yellow 26·58 4·02 30·81
(26·87) (4'04) (30·74)
H.e(OH)CI(8-L)2 Black 35·28 5·28 6·75
(35·26) (5'30) (6·72)
H2(o-Phenantllroline)2ReCI. Yellow 22·9 7·18 27·02
(23·34) (7·02) (26·71)
Re(OH)CI3(a-phen) Black 36·19 5·82 21·21
(36·68) (5·51) (20·97)
LH = Hydroxyquinoline.
i
ReferencesRe(JV) complexes 'with o-phcnanthroline - Two
types of compounds were formed with o-phenanthro-
line also. H2[(o-phenanthrolinehReCIG] was pre-
pared in a similar manner as the corresponding
hydroxyquinoline salt except that orthophenanthro-
line was taken in cone. HCI instead of acetic acid.
The compound is insoluble in water but gradually
decomposes with separation of Re02 on warming
with alkali.
The hydroxo-trichloro(o-phenanthrolinato) Re(IV)
complex, [Re(OH)CI3(o-phen)], was formed when an
ethanolic solution of o-phenanthroline (2 g) was
added to an aqueous solution of potassium hex a-
chlororhenate (IV) (1 g) and the mixture warmed
on a water-bath for 1 hr. The precipitate obtained
was filtered, washed and dried over fused CaCI2•
The compound is insoluble in water and sparingly
soluble in nitrobenzene. There is no loss in weight
on heating up to 130°. It is non-conducting in
nitrobenzene.
For elemental analyses, a weighed sample of the
complex was fused with sodium peroxide and sodium
carbonate. Rhenium and chloride were estimated
from the aqueous extract as nitron perrhenate and
silver chloride respectively. Nitrogen was estimated
by Dumas' semimicro method.
Bulk magnetic susceptibility was measured using
the Gouy method. Infrared spectra (nujol mull)
were recorded on a Perkin-Elmer double beam
spectrophotometer model 21. Visible spectra were
measured on a Hilger-Uvispek spectrophotometer
and conductances on a Phillips conductivity bridge.
The analytical and magnetic moment data are given
in Table 1.
All these compounds are paramagnetic (fLefl
= 2·1-3·78 BM) and exhibit two absorption maxima
in the regions 370-395 and 432-460 nm respectively.
Thus, in these compounds rhenium is present in the
quadrivalent state. IR spectra of the compounds
Re(OH)CI(oxyquinoline)2' and Re(OH)CI3(o-phen)
show a characteristic absorption band around 950
crrr! which may be ascribed to (Re-OH) stretch",
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Argtnlne, histidine, lysine and isoleucine react with
potassium hexacyanoferrate(III) at pH 10·85, 7·0, 8·0
and 9·1 respectively under UV irradiation to ~ive
brown or yellowish brown products. Spectrophoto-
metric and polarographic studies show the formation
of 1 : 1 complexes. Infrared data show that the amino
acid is bound to iron through nitrogen of the amino
group and oxygen of the carboxylic group,
THE decomposition of hexacyanoferrate (II) on
irradiation with UV light and substitution of
the cyano groups by organic bases have been
reported--". Since reactions involving amino acids
and metal cyanides can be of physiological im-
portance due to the known inhibitions of certain
enzymes by cyanides, Malik and Aslam4,5, reported
the interaction of amino acids and hexacyano-
ferrate (II). However, the corresponding reactions
of amino acids with hexacyanoferrate (III) have
not been reported so far. Studies were, therefore,
undertaken to study the interaction of histidine,
arginine, lysine and isoleucine with hexacyano-
ferrate (III).
Solution of potassium hexacyanoferrate (III)
(Analar, BDH) was prepared in conductivity water.
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TABLE 1 - ANALYTICAL AND MAGNETIC DATA OF THE COMPLEXES
Complex Found (%)
Fe N C
KsFe(CN)4 (histidine) 14·30 24·87 30·68
K.Fe(CN). (arginine) 13'51 27·01 29·32
K.Fe(CN). (lysine) 14·50 21-60 31-46
K,Fe(CN). (isoleucine) 15-10 19·35 32·76
The amino acids were BDH products and were
tested for their purity by paper chromatography.
Their solutions were prepared in KOH-borax buffers"
of the requisite pH.
pH measurements were carried out on Elico
(India) pH meter model LI-lO. Spectrophotometric
studies were carried out on Unicam SP 500
spectrophotometer. Toshniwal (India) Polarograph.
type CLO-2A (Toshniwal) in conjunction with a pye
scalamp galvanometer and a Fischer capillary with
t = 3·4 see (open circuit) and m = 1·43 mg/sec
(capillary characteristic m2/3t1/6 = 1·56) were used.
Polarograms were in KCI as supporting electrolyte
containing gelatin as maxima supressor was used.
Magnetic measurements at room temperature (30°)
were carried out by Gouy's method. The infrared
spectra of the isolated complexes were recorded on a
Perkin-Elmer IR grating spectrophotometer in KBr.
Solutions (O·OIM each) of the amino acid mixed
with potassium hexacyanoferrate (III) in their
stochiometric ratios and maintained at the requisite
pH with KOH-borax buffers. were exposed to UV
light for 2-3 hr. After adding twice the volume of
ethanol. the solutions were shaken vigorously and
allowed to stand for a few hours. The resulting
precipitate was centrifuged. washed successively
with ethanol and ether and dried in vacuo over
anhydrous calcium chloride.
Known amounts of the complex were decomposed
by prolonged boiling with dil. HCI in the presence
of small amounts of sodium bisulphite. Iron was
then estimated spectrophotometrically. in the result-
ing solution, using 1.1O-phenanthroline. Carbon.
hydrogen and nitrogen were estimated by well known
microanalytical methods.
Potassium hexacyanoferrate (III) reacts with the
amino acids in the pH range 7-12 (the optimum PH
for the reaction with arginine is 10·85; histidine.
7·0; lysine, 8·0; and isoleucine, 9·1) giving brown or
yellowish brown complexes. The resulting com-
plexes show maximum absorption at 500 nm
(arginine), 310 nm (histidine), 215 nm (lysine) and
290 nm (isoleucine). while hexacyanoferrate (III)
shows peaks at 270. 320. 395 and 420 nm. Continu-
ous variation and molar ratio methods show the
formation of 1: 1 complexes.
Complexes of arginine. histidine, lysine and iso-
leucine with hexacyanoferrate (III) give irreversible
reduction waves. At increasing [amino acid] the
value of El/2 shifts towards more negative potentials.
The plots of log C against El/2 are linear. For an
irreversible wave?
~(El/2)C =-0.0591 p/rxn
!l. log C
212
Calc. (%)
(
Magnetic moment
IJ. B.M. (303°K)
Fe N C
14·28 25·00 30·61 1'82
13·62 27·24 29·19 1·73
14·62 21·93 31·30 1·70
15·22 19·02 32-61 1'76
where
0·0563rxn = - ------
E3/4-El/4
The slope of the linear plots of E1/2 versus log C
thus enables us to calculate the value of P. the
number of ligands entering into complex formation.
The value of p is found to be unity in all the
four cases studied. Therefore, the complexes
formed have the composition [Fe(CN)4 (amino acid
anionj]", This was further confirmed by analysis
(Table 1).
Magnetic measurements (Table 1) show the
complexes to be paramagnetic with one un-
paired spin showing iron to be in the oxidation
state +3 and formation of an inner sphere
complex.
The IR spectra of the amino acids employed
exhibit vNHt around 3100 crrr+, This band dis-
appears in the spectra of the complexes which show
a strong absorption band around 3200 cm-l which
may be assigned! to vNH. This lowering of the
vNH as compared to the normal NH stretching
region (3500-3200 crrr+) suggests coordination of
the amino acid through nitrogen of the amino group.
The strong absorption band --1600 crrr'! in the
spectra of the complexes may be assigned to the
antisymmetric stretching'' of the coordinated carbo-
xylic group. The characteristic C=N stretching
frequency" appears in the 2100 crrr+ region. The
Fe-C=N absorption appears in the 600 ern"!
region. In addition. the complexes show band
,.....570crrr ! due to Fe-O stretching and at 460-400
em+ which may be assigned to the Fe-N stretching
since the amino acids do not show any absorption
in this region. Iron is. thus, coordinated to the
amino acid through the nitrogen of the amino group
and oxygen of the carboxylic group.
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